is difficult because of the morphological similarity of their sporophores, sporophore morphological transition [15] , possible compatibility of species [16] and lack of specific microscopic characters useful for identification. Interspecific hybridization between P. pini and P. laricis is possible [3] and may be a source of morphological variation observed among Porodaedalea sporophores. In addition, recent studies [3] have revealed the presence of an undescribed species within Porodaedalea. The complex phylogeographical structure of this group is becoming clearer with the application of molecular techniques [3, 17] .
The aims of the present study were to elucidate the identification of Porodaedalea occurring on pines in Poland using sequences of the ITS1/2 rDNA region and to examine their genetic variation. It was also expected that new information would contribute to a better understanding of the origin and source of phenotypic and genetic variation of Porodaedalea in Poland. Additionally, the study was expected to contribute to the identification of some isolates of the Porodaedalea Holarctic Group in North America [17] and to confirm the effectiveness of the ITS1/2 rDNA region in distinguishing inter-and intraspecific variation within Porodaedalea.
Experimental Procedures

Material studied
Sporophores of Porodaedalea from one living Pinus banksiana Lamb. and from 39 P. sylvestris trees were collected in north-western Poland in [2008] [2009] [2010] , from an area of approximately 100 000 km 2 ( Figure 1 , Table 1 ). The sporophores were collected at a height of 5-10 m on the infected tree trunks. Between one and three sporophores were available and collected from each tree. 
Morphological studies
DNA extraction, PCR and sequencing
Axenic, dikaryotic (n + n) cultures were obtained from the fresh sporophore context material taken from above the hymenium with a sterile scalpel and plated on Goldfarb's selective medium (malt agar 15 g
Fungi were incubated at 24°C in darkness. After 7-14 d they were transferred to 1.5% malt medium (malt
, Difco) and maintained at 4°C in darkness.
For DNA extraction, axenic cultures were grown in L-broth (sodium chloride 10 g L -1 , tryptone 10 g L -1 , yeast extract 5 g L -1 ) at 25°C for 10 d. Mycelium from each isolate was lyophilized and frozen at -80°C. The total DNA was extracted [18] and purified with Sure Clean (Bioline Ltd, London, Cat. no. BIO37042). PCR amplification of the ITS 1/2 rDNA was done with DNA diluted (10 −2 ) in deionized water. Primers used were ITS1-F (5'CTT GGT CAT TTA GAG GAA GTA A) and ITS4-B (5' CAGGAGACTTGTACACGGTCCAG). The two primers are specific to fungi and the Basidiomycota, respectively [19] . Each 
-1 deoxyribonucleoside triphosphates (dNTPs) and 2 μl of DNA. PCR conditions included an initial denaturation step at 94°C for 10 min, followed by 30 cycles of 94°C for 30 s, 42°C for 1 min and 72°C for 2 min. This was followed by a final extension of 72°C for 10 min [19] . The amplified fragments were sequenced at the Centre of DNA Studies in Poznań, Poland. Sequences were queried against the GenBank database using BLAST.
Sequence alignment and phylogenetic analysis
Representatives (11-2010, 15-2011, 44-2011 ) from three groups of identical sequences of Porodaedalea were used for alignment. These were automatically aligned with sequences of other Porodaedalea species ( Table 2 ) using ClustalW [20] . Alignment of all isolates was accomplished for the entire 517-nucleotide basepair length of the ITS1/2 rDNA region. Gaps and missing data were excluded from the analysis. Phylogenetic analyses were performed by the neighbor-joining (NJ), maximum likelihood (ML) and maximum parsimony (MS) methods. The neighbor-joining analysis utilized an input distance matrix specifying the distance between each pair of isolates. The maximum likelihood analysis was performed with the Tamura-Nei model using the heuristic search procedure (Nearest-NeighbourInterchange, NNI) with an initial tree generated automatically by applying NJ and BJONJ algorithms. Maximum parsimony analysis was performed using a heuristic search procedure (Subtree-PruningRegrafting (SPR)) with the widest search level (level 3) with 10 replications in the Random Additions method for the initial tree. The percentages of replicate trees in which associated taxa clustered as determined by bootstrap analysis (1000 replicates) were indicated at the nodes on the phylogram [21] . Bootstrap support (BS) values >60% were considered significant in this study. Similar bootstrap support values (>50 and >70%) were considered significant in other studies on recognition of Porodaedalea species [3, 17] . The evolutionary distances were computed using the maximum composite likelihood method and were expressed as number of base substitutions per site. Phylogenetic analysis was performed using MEGA 5.0 [22] . Onnia tomentosa (Fr.) P. Karst. was chosen as an outgroup based on previous studies [17, 23] . The sequences obtained from our studies have been deposited in GenBank.
Results
Morphological studies
Host range (P. banksiania and P. pini) and the following morphological characters suggest that all 40 specimens studied belong to P. pini: morphological characters of sporophores (perennial, effused-reflexed to pileate, solitary to imbricate, corky to woody, rust brown to dark grey on the upper surface, with the poroid surface ochre brown or rust brown to umber brown, and more or less shining), shape of pores (circular to angular, tending to split and becoming irregular to daedaleoid), abundant occurrence of setae in hymenophore, dimitic hyphal system, shape and size of basidiospores (subglobose, smooth, mean dimensions 5. 
Porodaedalea chrysoloma s.s.
FP-102121-T Picea abies
Sumava Czech Republic A. Cerny JX110031 N. J. Brazee & D.L. Lindner Picea abies Uppsala Sweden J. Stenlid & M. Larsen AF123440 J. Stenlid 6 FP-135952 Picea abies Uppsala Sweden J. Stenlid JX110033 N. J. Brazee & D.L. Lindner NJB2011-Fin1 Picea abies Uusimaa Finland N.J. Brazee & T. Niemelä JX110034 N. J. Brazee & D.L. Lindner Porodaedalea gilbertsonii H7002004 Pseudotsuga menziesii West USA M.J. Larsen FJ775560 M. Tomšovský, P. Sedlák & L. Jankovský 7
Porodaedalea laricis
H7002007
Larix sp. Bashkortostan Russia
CCBAS 735
Pinus cembra NP High Tatras
Porodaedalea pini s.s.
BRNM 712793
Pinus sylvestris NP Curonian Spit Lithuania
Pinus halepensis Isle of Korcula Croatia
Pinus sylvestris NP Podyjí Czech Republic
Pinus sylvestris Uppsala Sweden FJ775556 (Table 3 ). The first three of these isolates occurred in close vicinity to each other (locations I, J and U, Figure 1) . The low standard deviation values observed indicated that the size of the basidiospores and setae were typically average (Table 3) , and no significant differences were observed between isolates (ANOVA with Tukey's HSD, P< 0.05).
Phylogenetic analysis
Identification of P. pini from Poland was confirmed by phylogenetic analysis based upon the sequencing of the ITS 1/2 rDNA region. Nine sequences had 100% similarity and 31 sequences had 99% similarity to the sequence of P. pini from P. sylvestris in the Czech Republic (FJ775555) ( Table 1 ). The phylogram generated with the neighbor-joining method included four main clades and two one-isolate lineages ( Figure 2 ). (Figures 1,  2 , Table 1 ). Genetic similarity between isolates did not decrease with increasing geographic separation.
An isolate of P. pini from Pinus pallasiana D. Don (JX110036) grouped together with P. pini from P. sylvestris and Pinus rotundata Link (FJ775556, FJ775557, J775558).
The nucleotide polymorphism of the Polish isolates of P. pini was small ( Table 4) . When compared with the P. pini neotype, the number of nucleotide substitutions in the 517-base-pair length of the ITS1/2 region was 1-7. Sequences from isolates which had larger basidiospores were either identical or had a single nucleotide polymorphism (28-2011) ( Table 4) . Nucleotide polymorphism was noted more often in isolates from older P. sylvestris trees (109-135 years old (7-2010, 10-2011, 24-2011, 27-2011, 46-2011) ) than in isolates from younger trees.
Discussion
Although Porodaedalea is an important pathogen of conifers, it has been poorly studieduntil recently. Current papers have reported on Porodaedalea heterogeneity, distribution, possible occurrence of new species, host specificity and pathogenicity, and phylogenetic relationships between species and isolates [3, 8, 17] .
We found limited polymorphism in the ITS 1/2 rDNA region of the P. pini isolates collected in Europe. As a consequence, all 40 isolates studied, the neotype of P. pini and other P. pini isolates from Larix and five species of Pinus in Europe, formed a significantly supported (BS 69%) monophyletic clade. These results are in accordance with earlier studies of P. pini from Larix and Pinus in Europe [3] .
Although there was only limited genetic variation, differentiation of two groups and a one-isolate lineage within the P. pini clade was observed. Attempts to correlate groups or isolates of P. pini to the host or location were partially successful. Host specificity in Porodaedalea has been previously reported [6, 16, 17] , andthree species, i.e. P. cancriformans (on Abies), P. chrysoloma (on Picea) and P. gilbertsonii (on Pseudotsuga menziesii (Mirb.) Franco) are host genusspecific. Table 4 . Nucleotide polymorphism in ITS1/2 rDNA sequences of Porodaedalea pini compared with P. pini neotype (JX110037).
JX110037 A C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C C T S T G G T G G A T 7-2010 A C G T C G C A C G A G A G T G A G G C T T C T C G G T G C C C T C T G G T G G A T 11-2010 1 A C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C C T C T G G T G G A T
14-2010 A C G T C G G G A A A G A A T G A G G C T T C T C G T T G C C C T G T T G T G G A T
16-2010 A C G C C A G G A A A G A A T G A G G T T T C T C G G T G C T C T C T G G T G G A T 2-2011 A C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C C T C T G G T G G T A 8-2011 A C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C G T G T G G T G G A T
10-2011 A C G T C G G G A A A G A A T G A A C C T T C T C G G A A T C C T G T G C T G G A T
11-2011 A C G C C G G G A A A G A A T G A G G T T T C T C G G T G C C C T C T G G T G G A T
13-2011 A C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C C T C T G G T G G A T 15-2011 2 A C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C C T G T G G T G G A T
16-2011 A C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C C T C A G G T G G A T
24-2011 A C G T C G G G A A A G A A G G A G G C T T C T C G G T G C C C T C T G G A A G T A 26-2011 A C G T C G G G A A T G A A T G A G G C T T C T C G A T G C C C T G T G G T G G A T
27-2011 C C G T C G G G A A A G C A T C A G C C T T C T C G G T G C C C A C A G G T C G A T
28-2011 C C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C C T C T G G T G G A T
30-2011 A C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C C T C T G G T A G A T
34-2011 C C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C C T G T G G T G G A T 44-2011 3 A C G C C G G G A A A G A A T G A G G C T T C T C G G T G C C C T C T G G T G G A T
46-2011 A C G T C G G G A A A G A A T G C G G C T A G C T C G T G C C C T C T G G T G G A T
47-2011 A C G T C G G G A A A G A A T G A G G C T T C T C G G T G C C G T C T G G T G A A T
51-2011 A C G T C G G G A A A A A A T G A G G C A T C T C G G T G C C C T G T G G T G G A T
52-2011 C T T T T G G G A A A G A A T G A G G C T T C T C G G T G C C C T C T G G T G G A T
1
Identical to 4-2010, 7-2011, 14-2011, 21-2011, 23-2011, 25-2011, 31-2011, 32-2011, 45-2011 2 Identical to 17-2010, 4-2011, 5-2011, 29-2011, 36-2011, 37-2011, 39-2011, 43-2011 3 Identical to 
